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Description 

The invention relates to a method of reducing 
the wettability of the surface of a substrate by 
providing an adherent layer of fluorosilane on the 
surface, and to an ink jet recording head including 
a surface coated with such a layer. 

The ink jet recording method is a method 
wherein recording liquid (i.e. ink) is jetted in the 
form of droplets from an ink jet recording head 
toward a receiving surface such as of paper on 
which the droplets are deposited to effect printing. 

In one such method, generally referred to as 
the continuous method, a stream of electrically 
charged ink droplets is generated while controlling 
the charge by a continuous oscillation generating 
means. The droplets, each with a controlled level of 
electric charge, are jetted towards the receiving 
surface, e.g. a paper sheet, and the flying course 
of the droplets is controlled by a pair of deflecting 
electrodes to which an electric field is applied and 
between which the droplets pass. 

In another such method, generally referred to 
as the drop-on-demand method, a piezoelectric 
oscillator is mounted on the ink jet recording head 
and is mechanically oscillated by application of an 
electric recording signal. 

Typically, the recording head includes a fine 
pipe for the ink which opens into an orifice. The 
surface surrounding the orifice may be of the same 
material as the pipe, or the orifice may be formed 
in a plate, called the orifice plate, which is attached 
to the end of the pipe and may be of a material 
different from that of the pipe. For the purposes of 
this invention, the orifice plate, if present, is consid- 
ered to form part of the recording head. 

In either case, it has been found desirable for 
at least a part of the surface of the head to have 
poor wettability toward the solvent employed for 
the ink. In some cases, it is also desirable for 
another part of the surface to have good solvent- 
wettability. For example, in some head designs, it 
has been found desirable for at least one part of 
the surface to remain essentially unwetted by the 
ink, in order to avoid problems of reliability in 
operation, and for at least another part to be wet- 
table, e.g. so that another component may be bon- 
ded to the face of the head. In one specific em- 
bodiment it has been found that where the surface 
of the area surrounding the orifice is made from 
certain preferred non-vitreous materials such as 
metals, ceramics or plastics, problems can arise as 
a result of the ink wetting the surface and forming a 
pool which surrounds the orifice. This pool can 
interfere with the proper operation of the printer 
and prevent continuous operation of the printer for 
more than short periods of time. 



There is therefore a need for at least a part of 
the surface of the recording head, e.g. that part 
surrounding the orifice, to be treated so that it is 
less readily wettable by liquids, and in particular by 

5 the ink or, more particularly, by the solvent em- 
ployed in the formulation of the ink, and much 
research time has been expended on resolving this 
need; see, for example, U.S. Patent Nos. 
4,555,062, 4,623,906 and 4,343,013, and European 

w Patent Publication Nos 01 7731 6A, 0092229A, 
0092230Aand 0121623A. 

It is known that the tendency of a surface to be 
wetted by water or other solvents of the kind used 
in ink formulations can be reduced by coating the 

75 surface with an organic fluoro compound. However, 
it has been found that prior proposals for applying 
such fluoro compounds to the surfaces of non- 
vitreous substrates such as of metal, ceramics or 
plastics suffer from one or more disadvantages. For 

20 example, PTFE does not have the desired non- 
wettability for some of the preferred solvents and is 
difficult to bond to some surfaces. Coatings of 
fluorinated polymers of the kind proposed for use 
in microcircuitry, on the other hand, do not adhere 

25 sufficiently strongly and could be removed during 
normal procedures used for cleaning the head, 
such as wiping. Examples of such coatings are SC- 
721 marketed by 3M, Nyebar marketed by Nye, 
and Galydene marketed by Montedison. 

30 U.S. Patent No. 4,643,948 proposes coating the 
surface of an ink jet recording head with a partly 
fluorinated alkyl silane and a perfluorinated alkane; 
however, the only method described for forming 
the coating involves radio frequency glow dis- 

35 charge. 

IBM Technical Disclosure Bulletins Vol. 23, No. 
1 of June 1980; Vol. 26, No. 1 of June 1983; and 
Vol. 26, No. 3A of August 1983; and U.S. Patent 
No. 4,368,476 are representative of proposals for 

40 treating the recording head face with a fluorosilicon 
compound, e.g. by dipping the surface in a dilute 
solution of the compound. However, it has been 
found that while some of the coatings could exhibit 
adequate non-wetting characteristics, their adhe- 

45 sion to non-vitreous surfaces, especially plastics 
surfaces, is inadequate. 

The chosen surface layer, of course, must also 
be resistant to the ink solvent and this has pre- 
sented a particular problem in the case of some of 

so the solvents which are now gaining favour, such as 
those of the glycol or glycol ether kind. For exam- 
ple, it is known, for example from Japanese Kokai 
74-31767, to vacuum coat a plastics surface with 
silicon oxide film and then apply a coating of 

55 fluorosilane; however, it has been found that the 
surface of the coated product thereby obtained is 
crazed by contact with some of the preferred ink 
solvents. The layer, e.g. coating, which provides 
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the desired non-wetting characteristics must also 
adhere well to the substrate, be abrasion resistant, 
and be resistant to attack by solvents employed in 
inks used in ink jet printing. Adhesion presents a 
particular problem where the substrate is non-vit- 
reous and especially where it is formed of plastics 
material. 

U.S. Patent No. 3,953,115 describes forming 
an adherent optically clear abrasion resistant coat- 
ing on a plastic opthalmic substrate, using a par- 
tially hydroiysed solution of a vinyl tri(lower alkoxy) 
silane. U.S. Patent No. 4,006,271 applies a solution 
of a hydroiysed Ci -2 alkyl tri(lower alkoxy) silane 
to a polycarbonate. 

The present invention provides a method of 
providing a coating which exhibits good non-wet- 
ting characteristics toward a variety of solvents 
such as in particular those employed in inks and 
yet which is bonded well to a plastics or other non- 
vitreous inorganic material such as may be em- 
ployed to provide the surface surrounding the jet 
orifice of an ink jet recording head, and exhibits 
good abrasion resistance and resistance to solvent 
attack. 

According to the present invention there is 
provided an ink jet recording head of the kind in 
which ink droplets are jetted from a jet orifice of 
the head towards a recording material and wherein 
the surface of at least the area of the head sur- 
rounding the jet orifice comprises plastics or non- 
vitreous inorganic material and said surface is coat- 
ed with a fluorosilane layer which reduces the 
wettability of the surface, wherein a first layer com- 
prising cured siloxane which is adherent to said 
surface is interposed between said surface and 
said fluorosilane layer and said fluorosilane layer is 
derived from at least one fluorosilane having at 
least one hydrolysable group attached to a silicon 
atom. 

By a "fluorosilane" is meant a silicon com- 
pound having at least one fluorinated organic group 
attached to a silicon atom. The term "non-vitreous" 
denotes materials not made of glass. 

There is also provided a method of reducing 
the wettability of a surface comprising plastics or 
non-vitreous inorganic material by providing an ad- 
herent layer of fluorosilane on said surface, said 
method comprising: 

(i) forming on said surface an adherent first 
layer comprising cured siloxane; and 

(ii) applying to said first layer a second layer 
comprising at least one fluorosilane having at 
least one hydrolysable group attached to a sili- 
con atom and at least one fluorine-containing 
organic group attached to a silicon atom, said 
fluorine-containing organic group donating non- 
wetting properties to the second layer. 



The present invention also provides an ink jet 
recording head of the kind in which ink droplets are 
jetted from a jet orifice of the head towards a 
recording material and wherein the surface of the 

5 head has at least one zone which exhibits good 
solvent-wettability and at least one zone which ex- 
hibits poor solvent-wettability and said latter zone 
comprises a layer of fluorosilane bonded to the 
surface by means of an intermediate layer com- 

10 prising cured siloxane. 

While the invention may be applied to a variety 
of non-vitreous inorganic surfaces such as those of 
metal or ceramics, it finds special benefit in its 
application to surfaces of plastics material. Exam- 

75 pies of such surfaces are those of acrylics, 
polyimide, polycarbonate, polyester, polyether 
ether ketone, and polyolefin, e.g. polyethylene; 
however, the invention is particularly important for 
the treatment of laser-abiatable plastics materials 

20 because the first and second layers can also be 
rendered laser-ablatable, thereby enabling the for- 
mation of orifices in an ink jet recording head after 
the wettability of the surface of the head has been 
reduced in accordance with the invention, and thus 

25 reducing the number of steps required to form the 
orifices. 

The plastics material whose surface may be 
treated by the process of the present invention 
may include additives of the kind normally em- 
30 ployed with plastics, including organic and/or in- 
organic fillers; however, the surface itself is prefer- 
ably essentially, i.e. substantially entirely, plastics 
material. 

The adherent cured siloxane layer is obtainable 

35 by coating the surface with a silane and treating 
the coating to interlink the silane molecules of the 
coating, i.e. polymerise the silane, by the develop- 
ment of Si-O-Si linkages and thereby effect curing. 
In general, this is achieved by choosing as the 

40 silane a compound having hydrolysable groups and 
a non-hydrolysable organic group attached to a 
silicon atom and hydrolysing at least some of the 
hydrolysable groups to form Si-OH groups which 
are then caused to react with corresponding 

45 groups, or with hydrolysable groups e.g. alkoxy 
groups attached to Si atoms of other molecules in 
the layer, to form Si-O-Si linkages with loss of 
water or other by-product of the condensation. 
Normally, the silane will be applied in the form 

50 of a solution, the solvent of which is then removed, 
e.g. by volatilisation. 

To achieve the desired adherent cured siloxane 
layer, it is preferred that ail but one of the radicals 
attached to a silicon atom be hydrolysable groups. 

55 Preferably, the hydrolysable groups are selected 
from alkoxy groups since the hydrolysis products 
are alcohols which, with appropriate choice of the 
solvent, can readily be removed with the solvent. 
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Most preferably, the alkoxy group has up to 3 
carbon atoms. 

The nature of the other group attached to the 
silicon atom of the silane chosen to form the silox- 
ane layer will depend at least in part upon the 
nature of the surface to be coated. The bond 
between the first layer and the surface may be 
chemical, e.g. by reaction of active groups in the 
silane with groups reactive therewith in the surface 
to be coated, or it may be physicochemical e.g. as 
in Van de Waal's bonds (that is, dipole-dipole 
bonding), hydrogen bonding or it - m bonding. For 
example, where the substrate is a polymer contain- 
ing residues of a benzene or other aromatic or 
pseudoaromatic ring, e.g. as in aromatic 
polyimides, aromatic polyether-ether-ketones and 
aromatic polycarbonates, and adhesion to the sub- 
strate is achievable by -n - -n bonding, the silane 
may contain at least one group having a,0- 
ethylenic unsaturation, e.g. an allyl group. Alter- 
natively, where, for example, the substrate surface 
contains OH groups and adequate adhesion by 
hydrogen-bonding is achievable, the silane may 
desirably contain at least one group containing an 
active or Zerewitinoff hydrogen atom, e.g. as in a 
primary or secondary aminoalkyl. 

Preferably, therefore, in accordance with one 
embodiment of the invention the silane satisfies the 
formula 

YSi(OR)3 

where each R is an alkyl group and Y is a non- 
hydrolysable monovalent organic radical. Suitably, 
Y is a saturated or unsaturated monovalent hy- 
drocarbon group or a substituted derivative thereof. 
For reasons such as availability or ease of synthe- 
sis of the compounds and cost, Y will generally be 
selected from alkyl and alkenyl groups especially 
those containing 1 to 6 carbon atoms, and substi- 
tuted derivatives thereof wherein each substituent 
is selected from halogen, alkoxy and primary, sec- 
ondary or tertiary amino. Examples of such groups 
are methyl, ethyl, allyl, methallyl, 7-aminopropyl, 7- 
methylaminopropyl, y-dimethylaminopropyl, and 
methoxyethyl. 

A particularly good combination of adhesion to 
the substrate surface and resistance to abrasion is 
obtained if the silane employed to form the adher- 
ent cured siloxane coating comprises a mixture of 
silanes which includes a silane containing a pri- 
mary, secondary or tertiary aminoalkyl group; pref- 
erably a mixture of at least one first silane selected 
from primary, secondary and tertiary -aminoalkyl 
trialkoxysilanes and at least one second silane se- 
lected from alkyl trialkoxysilanes, preferably where 
the alkyl and alkoxy groups each contain up to 3 
carbon atoms. Particulary good results are 



achieved from a mixture of a major amount of alkyl 
trialkoxy silane and a minor amount of aminoalkyl 
trialkoxysilane, e.g. from 75 to 60% by weight of 
the former and from 25 to 40% by weight of the 

5 latter. Examples of suitable compounds are methyl 
triethoxysilane and 7-aminopropyl triethoxysilane. 

However, where laser ablatability of the silox- 
ane layer is important, it may be desirable to 
include in the cured siloxane layer a photoabsor- 

10 bing molecule to assist the ablation or to form the 
siloxane layer from a silane having good photoab- 
sorption characteristics, or from a mixture of 
silanes which includes a silane having such char- 
acteristics. Examples of silanes having the desired 

is characteristics are those which include aliphatic 
carbon-carbon unsaturation, e.g. as in an allyl 
group or a methallyl group. Thus, in this embodi- 
ment of the invention some or all of the alkyl 
trialkoxysilane may be replaced by alkenyl trialkox- 

20 ysilane, e.g. allyl triethoxysilane. 

Preferably, the silane or silane mixture em- 
ployed to form the siloxane layer is at least par- 
tially hydrolysed prior to its application to the sub- 
strate so as to facilitate subsequent curing of the 

25 layer. This may be achieved, for example, by 
standing a solution of the silane over water. Hy- 
drolysis may be assisted by dilute acid. 

Where the silane or mixture of silanes is ap- 
plied as a solution, any suitable solvent or solvent 

30 mixture may be employed. Preferably, a solvent 
having a low boiling point is employed so that it is 
readily removable by evaporation. However, too 
high a rate of solvent removal may generate stress- 
es in the layer which could lead to crazing. It may 

35 therefore be desirable to include a small proportion 
of a tail solvent. 

One method of achieving the preferred cured 
siloxane layer thickness of not more than a few 
microns, e.g. 0.01 to 10 microns, is to apply a 

40 solution of the silane by spin-coating. Removal of 
the solvent and curing may be achieved by heat. It 
is preferred that the cured layer contains some free 
hydroxyl groups attached to silicon atoms, i.e. Si- 
OH groups, since this appears to assist the bond- 

45 ing of the second layer. This may be achieved, for 
example, by effecting at least the final stages of 
the heating step in the presence of water vapour. 
However, this is not essential. 

Thus, one preferred method of forming the 

50 cured siloxane layer comprises spin-coating the 
surface with a solution of the silane wherein the 
silane is in an at least partially hydrolysed form, 
and thereafter heating the coated surface to drive 
off the solvent and cure the silane until an adherent 

55 coating is obtained. 

In addition to enabling the adhesion of the 
fluorosilane layer to the substrate, the presence of 
the cured siloxane layer may also provide other 
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benefits. One is that it assists planarisation of the 
surface thereby enhancing the non-wetting char- 
acteristics of the surface of the eventual 
fluorosilane-coated product. Another is that in the 
case of the preferred plastics surfaces such as 
polyimide it improves the durability and scratch 
resistance of the product and hence its ability to 
withstand mechanical handling. 

In the second step of the process, a layer 
derived from at least one fluorosilane is applied to 
the cured siloxane layer. The fluorosilanes suitable 
for use in this step are chosen from those having at 
least one hydrolysable group attached to a silicon 
atom and at least one fluorine-containing organic 
group attached to a silicon atom, the fluorine-con- 
taining organic group being one which donates 
desired non-wetting properties to the layer. 

In one embodiment, the fluorosilanes may be 
selected from those satisfying the formula: 

R>mSiR 3 n 

where m and n are integers, m is one or two, n is 
at least two, and the sum of m plus n is four, each 
R 2 is a fluorine-containing organic group and each 
R 3 is a hydrolysable group. Preferred hydrolysable 
groups are alkoxy, most preferably containing 1 to 
3 carbon atoms. 

While m may be 1 or 2, it is not thought that 
any improvement in anti-wetting properties is 
achieved where m is 2 and on the other hand the 
adhesion to the first layer may be reduced. There- 
fore, it is preferred that m is 1 and n is 3. 

The anti-wetting properties donated by the 
fluorosilane layer tend to be a function of the 
nature of R 2 . In general, the anti-wetting properties 
improve with increase in the degree of fluorination 
of the terminal region of R 2 ; that is, the region of R 2 
at or towards the other end of R 2 from that by 
which it is attached to the Si atom. Preferably R 2 
will contain at least one CF 3 - group in the terminal 
region. 

The group to which the fluorine atoms are 
attached may be any suitable organic group, but 
generally it will be a saturated group, e.g. alkyl, 
alkoxyalkyl or alkylcarboxyalkyl. 

For example, R 2 may have the structure 

X3C-(CF 2 ) x -(Z) y -(CH 2 ) z - 

where each x is F or CF 3 , Z is a divalent atom or 
group such as -0-, each of x and z is zero or a 
positive integer and y is zero or one. One or more 
of the fluorine atoms in each -CF 2 - group may also 
be replaced by a -CF 3 group, if desired. 

Specific examples are: 
CF 3 (CF2)9(CH 2 )2- 
CFafCFzMC^Jz- 



CF 3 (CF 2 ) 3 (CH 2 ) 2 - 

CF 3 (CF 2 ) x O(CH 2 )2- 

(CF 3 )2CFO(CH 2 ) 3 - 

(CF 3 ) 3 CCF 2 OCH 2 CH 2 - 
5 One or more of the R 2 and/or R 3 groups may 

be replaced by another monovalent atom or group, 

it being understood, of course, that the molecule 

retains at least one fluorine-containing group and at 

least one hydrolysable group and that said other 
10 group does not prevent hydrolysis or adversely 

affect the non- wetting properties of the layer to an 

undesirable extent. 

In accordance with this modification, the 

fluorosilane may have the formula 

75 

R 2 m SiR 3 n R% 

where R 2 and R 3 are as defined above, each R 4 is 
a non-hydrolysable atom or group other than R 2 , is 

20 1 or 2, n is at least 1, p is 0, 1 or 2 and m + n + p 
= 4; where R 4 is said other monovalent atom or 
group. An example of such an atom or group is F. 

The fluorosilane layer may be formed by vacu- 
um deposition from vapour of the fluorosilane and it 

25 has been found desirable to keep the humidity low 
to obtain the best adhesion. Alternatively, it may be 
applied as a solution in a suitable solvent which is 
then removed, e.g. by evaporation. 

It is believed that the adhesion of the 

30 fluorosilane layer to the siloxane layer involves 
reaction of the hydrolysable groups R 3 . Where the 
first layer contains Si-OH groups it is believed that 
heating the second layer effects chemical reaction 
between hydrolysable groups R 3 of the second 

35 layer and Si-OH groups of the first layer and 
achieves a chemical bond between the layers. 

Whether or not actual chemical bonding oc- 
curs, it is in any event preferred to heat the second 
layer in contact with the first layer to achieve 

40 optimum adhesion. 

Best results are obtained when the second 
layer is 5 microns thick or less. Above 5 microns 
little or no further improvement in anti-wetting prop- 
erties is obtained and on the other hand, good 

45 results are achievable even with a layer which is 
only a few molecules, e.g. one or two molecules, 
thick. 

Ink solvents with which the ink jet recording 
heads according to the present invention may be 

50 successfully employed include alcohols (e.g 
isopropyl alcohol), halogenated organics (e.g 1,1,1 
trichloroethane) aromatic hydrocarbons (e.g xy- 
lene), ketones (e.g acetone), water, and solvents of 
the type based on naphthenic and paraffinic hy- 

55 drocarbons and their mixtures (e.g the solvent sold 
as "Vista 47") as well as the more aggressive 
glycol and glycol ether solvents such as the mon- 
omethyl ethers of di- and tri- propylene glycol, 
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ethylene glycol butyl ether and diethylene glycol 
butyl ether. 

The invention will now be illustrated with refer- 
ence to an Example and with the aid of the accom- 
panying drawings in which 

Figure 1 is a schematic cross-sectional view of 
an ink jet recording head provided with a non- 
wetting coating according to the invention, 
Figure 2 is a schematic diagram of an apparatus 
for measuring receding angle, and 
Figure 3 is a schematic diagram illustrating 
measurement of receding angle using the ap- 
paratus of Figure 2. 

In Figure 1 , a part of an ink jet recording head 
2 of "Kapton" polyimide is provided with orifices 4 
opening into ink conduits 6. and a non-wetting 
coating, generally designated 8, comprising an ad- 
herent first layer 10 of cured siloxane and a second 
layer 12 of fluorosilane. 

The non-wetting coating 8 was made in two 
stages, designated A and B. In the first stage (A), a 
thin cured siloxane layer having residual free -OH 
groups was formed from solution on the surface of 
the Kapton polyimide. In the second stage (B) a 
fluorosilane was chemically coupled to the siloxane 
layer 10 to form a non-wetting surface. In the 
following description, all parts are by volume ex- 
cept where otherwise indicated. 

(A) Formation of Siloxane Coating 

13.75 parts methyl triethoxysilane (MTES) were 
mixed with 12.5 parts 0.01 N HCI and 12.5 parts 
absolute ethanol in a clean glass vessel and al- 
lowed to stand for at least 3 hours to allow partial 
hydrolysis of the MTES to occur. 

The coating solution was then made from 15 
parts of the resultant solution, 0.25 part of acetic 
acid, 2 parts of ethylene glycol monohexyl ether 
and 2.5 parts of aminopropyl triethoxysilane and 
immediately filtered through a 2 micron filter. The 
filtered product had a working lifetime of 30 min- 
utes to 1 hour. 

Samples of Kapton polyimide sheet were 
cleaned using isopropanol and then coated with the 
solution by spin-coating to give a film of between 
0.5 and 2 microns thick. The coating was allowed 
to air dry before being baked at 50 *C for 30 
minutes, followed by 30 minutes at 45 • C and 95% 
relative humidity. 

(B) Application of Fluorosilane Layer 

300 parts of 1H,1H,2H,2H perfluorooctyl 
triethoxysilane (PFOTES) in a large shallow metal 
dish lined with aluminium foil were placed in the 
bottom of a dessicator and siloxane-coated Kapton 
polyimide sheets from stage (A) were arranged in a 



rack in the upper section of the chamber so that 
the siloxane coated surface of each was freely 
exposed. 

The chamber was evacuated to approximately 
5 50 torr for 10 minutes, brought up to room pres- 
sure using dry nitrogen, then re-evacuated to 50 
torr for a further 10 minutes to reduce the relative 
humidity to less than 10%. 

The dessicator was then sealed, disconnected 
w from the vacuum pump, placed for 2 hours in an 
oven which had been preheated to 180 # C, and 
then allowed to cool for 15 minutes before being 
reconnected to the vacuum pump. The dessicator 
was then evacuated while it continued to cool. The 
J5 samples were then removed after bringing the 
chamber back up to room pressure using dry nitro- 
gen gas. 

The samples were then submitted to a number 
of tests, described below, to assess their suitability 

20 for use in the production of ink jet recording heads. 

The non-wetting characteristics in relation to 
ink solvents were assessed from the receding con- 
tact angle as measured by the following test proce- 
dure and using the apparatus diagrammatically il- 

25 lustrated in Figures 2 and 3 comprising a metal 
sample holder 20 of which the dimensions AB and 
BC were each 30 mm, a polypropylene tube 22 
having an open end 24 and a free end 26, a 
travelling microscope 28 and a sample 30 having a 

30 coated surface 32 to be tested and a piece of 
double-sided adhesive tape 34. An eye-piece 36 of 
the travelling microscope 28 has a cross hair grati- 
cule one arm 38 of which is aligned with a mark on 
the external casing of the eye-piece (Figure 3). A 

35 scale 40 is marked around the cylindrical body of 
the eye-piece 36. 

The polypropylene tube 22 is partially filled 
with the chosen solvent and placed in the metal 
holder 20 such that the open end 24 is firmly 

40 suspended about 2 mm above the coated surface 
32 of the sample 30. The free end 26 is placed in a 
clamp so that it can be moved up and down. The 
intervening length of tube 22 is constrained into an 
S-shape, as shown. By moving the free end 26 of 

45 the tube 22 up and down slowly it is possible to 
expel a drop of liquid 42 onto the surface 32 and 
suck it back up. 

The liquid drop is illuminated at gazing in- 
cidence using a diffused light source (not shown). 

so The drop and its reflected image are viewed 
though the travelling microscope 28. By rotating 
the eye-piece relative to the main body and noting 
the position of the external mark on the eye-piece, 
an angular measurement of the position of the arm 

55 38 of the cross-hair can be made. 

A freshly prepared sample 30 is positioned on 
the base of the sample holder using the double 
sided tape 34 and the liquid in the tube 22 is 
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induced to flow over the surface 32 for a distance 
of a few millimetres by slowly raising the free end 
26 of tube 22. After waiting for the liquid position to 
stabilise and become stationary, the free end 26 of 
the tube 22 is slowly lowered, thereby causing the 5 
liquid to be sucked back up the tube and the drop 
to be retracted back across the surface. When the 
drop has stabilised and become stationary in the 
retracted position, the receding angle is measured 
as the angle between the surface of the drop 42 10 
(Figure 3) and the sample surface at the point of 
contact of the drop with the surface. Both the angle 
of the actual drop 42 and that of its reflected image 
44 are measured. With the microscope aligned so 
that the crossing point of the cross hairs is on the is 
point of contact between the drop and the sample 
surface, measurement is effected by rotating the 
eye-piece so that the marked arm 38 of the cross 
hair is aligned first with the surface of the drop 
(position y in Figure 3) and then with the image of 20 
that surface (position x in Figure 3). The receding 
angle a = 90 + 0/2 where 0 is the angle between 
x and y. 

In general, a receding angle a of 150* or less 
is considered adequate. 25 

Using tripropylene glycol monomethyl ether 
(TPM) as the liquid, a receding contact angle of 
130* was observed, illustrating excellent non-wet- 
tability of the surface of the coated samples. 

Abrasion resistance was evaluated by stroking 30 
a cotton bud soaked in solvent (TPM) across the 
surface of the sample. The non-wetting properties 
of the surface were still apparent after 1,000 
strokes. By way of example, where the Kapton 
polyimide samples were coated with proprietary 35 
coatings such as Nyebar and Galydene, the non- 
wetting properties were lost after 1 to 10 passes 
with the soaked cotton bud. 

The coated Kapton polyimide samples could 
be bent back on themselves, i.e. through about 40 
180\ without cracking, thus indicating excellent 
adhesion of the coating to the plastics. 

Resistance to solvents was assessed by im- 
mersing the samples in the solvent concerned. No 
crazing or other evidence of solvent attack was 45 
observed after at least fourteen days' immersion in 
each of the following solvents: acetone, water, 
diethylene glycol, tripropylene glycol monomethyl 
ether, paraffin, and Vista '47. 

Similar results to those described above were so 
also obtained using 1H, 1H, 2H, 2H-per- 
fluorododecyl triethoxysilane as the fluorosilane. 

By way of comparison, samples of Kapton 
polyimide coated with proprietary non-wetting coat- 
ings such as Nyebar and Galydene showed evi- 55 
dence of solvent attack in as little as a few hours 
when the same solvents were employed. 



Ink jet recording head orifice plates were ob- 
tained from the coated sheets by cutting them to 
the desired size and then forming passages for the 
ink in them by laser ablation. 

If it is desired for part or parts of the surface of 
the orifice plate to be wettable, the sheets may be 
masked appropriately prior to coating. 

"Vista", "Kapton", "Nyebar" and "Galydene" 
are trade names which may be registered as Trade 
Marks in one or more of the territories designated 
by this application. 

Claims 

1. A method of reducing the wettability of a sur- 
face comprising plastics or non-vitreous in- 
organic material by providing an adherent 
coating of fluorosilane on said surface, said 
method comprising: 

(i) forming on said surface an adherent first 
layer comprising cured siloxane; and 

(ii) applying to said first layer a second 
layer derived from at least one fluorosilane 
having a silicon atom to which is attached at 
least one hydrolysable group and at least 
one fluorine-containing organic group which 
donates non-wetting properties to the layer. 

2. A method as claimed in claim 1 in which said 
surface comprises an area surrounding a jet 
orifice of an ink jet recording head, the orifice 
being formed before or after the formation of 
the coating. 

3. A method as claimed in claim 1 or claim 2 in 
which said layer of cured siloxane contains 
free hydroxyl groups attached to silicon atoms 
and said second layer is chemically bonded to 
said first layer by reaction with said hydroxyl 
groups. 

4. A method as claimed in any one of claims 1 to 

3 in which said fluorosilane layer is heated in 
contact with the siloxane layer. 

6. A method as claimed in any one of claims 1 to 

4 in which step (i) comprises coating said 
surface with at least one silane having 
hydrolysable groups and a non-hydrolysable 
organic group attached to a silicon atom and 
treating the resultant coating to develop a 
cured siloxane layer which is adherent to the 
surface. 

6. A method as claimed in claim 5 in which said 
at least one silane is at least partially hydrolys- 
ed prior to its application to the surface. 
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7. A method as claimed in claim 5 or claim 6 in 
which the silane satisfies the formula 

YSi(OR) 3 

where each R is an alkyl group and Y is a 
monovalent non-hydrolysable organic radical. 

a An ink jet recording head of the kind in which 
ink droplets are jetted from a jet orifice of the 
head towards a recording material and wherein 
the surface of the head has at least one zone 
which exhibits good solvent-wettability and at 
least one zone which exhibits poor solvent- 
wettability and said latter zone comprises a 
layer of fluorosilane bonded to the surface by 
means of an intermediate layer comprising 
cured siloxane. 

9. An ink jet recording head of the kind in which 
ink droplets are jetted from a jet orifice of the 
head towards a recording material, the surface 
of at least the area of the head surrounding the 
jet orifice comprising plastics or non-vitreous 
inorganic material and said surface being coat- 
ed with a fluorosilane layer which reduces the 
wettability of the surface, wherein a first layer 
comprising cured siloxane which is adherent to 
said surface is interposed between said sur- 
face and said fluorosilane layer and said 
fluorosilane layer is derived from at least one 
fluorosilane having at least one hydrolysable 
group attached to a silicon atom. 

10. An ink jet recording head as claimed in claim 9 
in which said fluorosilane layer is chemically 
bonded to said cured siloxane layer by reac- 
tion with free hydroxyl groups attached to sili- 
con atoms in said cured siloxane layer. 

11. An ink jet recording head as claimed in claim 9 
or claim 10 in which said cured siloxane is 
derived from at least one silane which satisfies 
the formula 

YSi(OR) 3 

where each R is an alkyl group and Y is a 
monovalent non-hydrolysable organic radical. 

12. A method as claimed in claim 7 or ink jet 
recording head as claimed in claim 1 1 wherein 
said at least one silane comprises a mixture 
including a silane containing a primary, secon- 
dary or tertiary aminoalkyl group. 

13. A method or ink jet recording head as claimed 
in claim 12 wherein said mixture comprises at 



least one silane selected from alkyl trialkox- 
ysilanes and alkenyl trialkoxy silanes and at 
least one silane selected from primary, secon- 
dary or tertiary aminoalkyl trialkoxysilanes. 

5 

14. A method or ink jet recording head as claimed 
in claim 13 in which the said mixture com- 
prises methyl triethoxysilane and y- 
aminopropylene triethoxysilane. 

10 

15. A method or ink jet recording head as claimed 
in any one of claims 1 to 14 in which the 
hydrolysable fluorosilane has the formula: 

is R 2 m SiR 3 n R% 

where m is 1 or 2, n is at least 1 , p is 0, 1 or 2, 
the sum of m + n + p is 4, each R 2 is a fluorine- 
containing organic group, each R 3 is a 
20 hydrolysable group and each R 4 is a non- 

hydrolysable atom or group other than R 2 . 

16. A method or ink jet recording head as claimed 
in claim 1 5 wherein m is 1 , n is 3 and p is 0. 

25 

17. A method or ink jet recording head as claimed 
in claim 15 or claim 16 wherein each R 3 is an 
alkoxy group. 

30 18. A method or ink jet recording head as claimed 
in claim 15, claim 16 or claim 17 in which the 
fluorosilane is selected from 1H, 1H. 2H 2H- 
perfluorooctyl triethoxysilane and 1H, 1H, 2H, 
2H perfluorododecyl triethoxysilane. 

35 

19. A method or ink jet recording head as claimed 
in any one of claims 1 to 18 in which said 
surface comprises a plastics material selected 
from polyimide, polycarbonate, polyester and 
40 polyether-etherketone. 

PatentansprUche 

1. Verfahren zur Verringerung der Benetzbarkeit 
45 einer Oberflache, die Kunststoffe oder nicht 

glasartiges anorganisches Material umfaSt 
durch Bereitstellung einer haftenden Fluorsilan- 
beschichtung auf dieser Oberflache, bei dem 
man 

so (i) auf der Oberflache eine haftende erste 

Schicht bildet, die gehSrtetes Siloxan urn- 
fa6t, und 

(ii) auf diese erste Schicht eine zweite 
Schicht aufbringt, die von mindestens ei- 
55 nem Fluorsilan mit einem Siliciumatom, an 

dem mindestens eine hydrolysierbare Grup- 
pe hangt, und mindestens einer fluorhalti- 
gen organischen Gruppe, die der Schicht 
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unbenetzbare Eigenschaften verleiht, abge- 
teitet ist. 

2. Verfahren nach Anspruch 1 , bei dem die Ober- 
flache einen eine Strahlduse eines Tintenstrah- 
laufzeichnungskopfes umgebenden Bereich 
umfaBt, die vor vor oder nach der Ausbildung 
der Beschichtung gebiidet wird. 

3. Verfahren nach Anspruch 1 Oder 2, bei dem 
die Schicht aus gehartetem Siloxan an Silici- 
umatome gebundene freie Hydroxy Igruppen 
enthSIt und die zweite Schicht durch die Reak- 
tion mit diesen Hydroxylgruppen mit der ersten 
Schicht verbunden wird. 

4. Verfahren nach einem der AnsprUche 1 bis 3, 
bei dem die Fluorsilanschicht in Kontakt mit 
der Siloxanschicht erhitzt wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, 
bei dem man in Schritt (i) die Oberflache mit 
mindestens einem Silan mit hydrolysierbaren 
Gruppen und einer an ein Siliciumatom gebun- 
denen nicht hydrolysierbaren organischen 
Gruppe beschichtet und die dabei entstehende 
Beschichtung behandelt, um eine gehartete Si- 
loxanschicht zu entwickeln, die an der Oberfla- 
che haftet. 

6. Verfahren nach Anspruch 5, bei dem minde- 
stens ein Silan vor dem Aufbringen auf die 
Oberflache zumindest teilweise hydrolysiert 
wird. 

7. Verfahren nach Anspruch 5 oder 6, bei dem 
das Silan die Formel 

YSi(OR) 3 

hat, in der R eine Alkylgruppe und Y einen 
einwertigen, nicht hydrolysierbaren organi- 
schen Rest bedeutet. 

8. Tintenstrahlaufzeichnungskopf von der Art, bei 
der Tintentropfchen aus einer StrahldOse des 
Kopfes auf ein Aufzeichnungsmaterial gestrahlt 
werden, wobei die Oberflache des Kopfes min- 
destens eine Zone umfaBt, die gute LQsungs- 
mittelbenetzbarkeit aufweist, und mindestens 
eine Zone, die schlechte L6sungsmittelbenetz- 
barkeit aufweist und eine Schicht aus Fluorsi- 
lan enthalt, die durch eine gehartetes Siloxan 
umfassende Zwischenschicht mit der Oberfla- 
che verbunden ist. 

9. Tintenstrahlaufzeichnungskopf von der Art, bei 
der Tintentropfchen aus einer Strahlduse auf 
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ein Aufzeichnungsmaterial gestrahlt werden, 
wobei die Oberflache mindestens des Kopfbe- 
reiches, der die Strahlduse umgibt, Kunststoffe 
oder nicht glasartiges anorganisches Material 

5 umfaBt und mit einer Fluorsilanschicht be- 

schichtet ist, die die Benetzbarkeit der Oberfla- 
che vermindert, in der eine erste, gehartetes, 
an der Oberflache haftendes Siloxan umfas- 
sende Schicht zwischen die Oberflache und 

io die Floursilanschicht, die aus mindestens ei- 
nem Fluorsilan mit mindestens einer an ein 
Siliciumatom gebundenen hydrolysierbaren 
Gruppe abgeleitet ist, gelegt wird. 

75 10. Tintenstrahlaufzeichnungskopf nach Anspruch 
9, bei dem die Fluorsilanschicht durch die Re- 
aktion mit freien, an die Siliciumatome gebun- 
denen Hydroxylgruppen in der Siloxanschicht 
chemisch mit der geharteten Siloxanschicht 

20 verbunden werden. 

11. Tintenstrahlaufzeichnungskopf nach Anspruch 
9 oder 10, bei dem die gehartete Siloxan- 
schicht aus mindestens einem Silan der For- 

25 mel 

YSi(OR) 3 

abgeleitet ist, in der R eine Alklygruppe und Y 
30 einen einwertigen nicht hydrolysierbaren orga- 
nischen Rest bedeutet. 

12. Verfahren nach Anspruch 7 oder Tintenstrah- 
aufzeichnungskopf nach Anspruch 11, bei dem 

35 mindestens ein Silan eine Mischung umfaBt, 

die ein Silan mit einer primaren, sekundaren 
oder tertiaren Aminoalkylgruppe enthalt. 

13. Verfahren oder Tintenstrahlaufzeichnungskopf 
40 nach Anspruch 12, bei dem die Mischung min- 
destens ein aus Alkyltrialkoxysilanen und Al- 
kenyltrialkoxysilanen ausgewShites Silan und 
mindestens ein aus primaren, sekundaren oder 
tertiaren Aminoalkyltrialkoxysilanen ausgewahl- 

45 tes Silan enthalt. 

14. Verfahren oder Tintenstrahlaufzeichnungskopf 
nach Anspruch 13, bei dem die Mischung Me- 
thyltriethoxysilan und 7-Aminopropylentriethox- 

50 ysilan umfaBt. 

15. Verfahren oder Tintenstrahlaufzeichnungskopf 
nach einem der AnsprUche 1 bis 14, bei dem 
das hydrolysierbare Fluorsilan die Formel 

55 

R 2 m S»R 3 n R 4 p 

hat, in der m 1 oder 2, n mindstestens 1 und p 
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0, 1 Oder 2 bedeutet, die Summe von m + n + p 
4 ist, jedes R 2 eine fluorhaltige organische 
Gruppe, jedes R 3 eine hydrolysierbare Gruppe 
und jedes R* ein nicht hydrolysierbares Atom 
oder eine Gruppe, die nicht R 2 ist, bedeutet. 5 

16. Verfahren oder Tintenstrahlaufzeichnungskopf 
nach Anspruch 15, bei dem m 1, n 3 und p 0 
ist. 

10 

17- Verfahren oder Tintenstrahlaufzeichnungskopf 
nach Anspruch 15 oder 16, bei dem R 3 eine 
Alkoxygruppe ist. 

1a Verfahren oder Tintenstrahlaufzeichnungskopf 75 
nach Anspruch 15, 16 oder 17, bei dem das 
Fluorsilan aus 1H, 1H, 2H 2H-Perfluoroctyl- 
triethoxysilan und 1H, 1H, 2H, 2H-Perfluordo- 
decyltriethoxysilan ausgewahlt ist. 

20 

19. Verfahren oder Tintenstrahlaufzeichnungskopf 
nach einem der Anspriiche 1 bis 18, bei dem 
die Oberflache ein aus Polyimid, Polycarbonat, 
Polyester und Polyetheretherketon ausgewShl- 
tes Kunststoffmaterial umfaBt. 25 

Revendications 

1. Proc&Je* pour require la mouillabilite* d'une sur- 
face comprenant une matiere plastique ou un 30 
mateViau inorganique non vitreux par fourniture 
d'un revetement adherent de fluorosilane sur 
cette surface, ce procSde* comprenant : 

(i) la formation sur cette surface d'une pre- 
miere couche adheVente comprenant un si- 35 
ioxane durci; et 

(ii) I'application sur cette premiere couche 
d'une seconde couche provenant d ? au 
moins un fluorosilane ayant un atome de 
siiicium auquel sont attaches au moins un 40 
groupe hydrolysable et au moins un groupe 
organique contenant du fluor qui confere 

des propriStes non mouillantes a la couche. 

2. Procede suivant la revendication 1 , dans lequel 45 
cette surface comprend une zone entourant un 
orifice de jet d'une tete d'enregistrement a jet 
d'encre, I'orifice 6tant forme* avant ou apres la 
formation du revetement. 

50 

3. Proc£d6 suivant les revendications 1 ou 2, 
dans lequel cette couche de siloxane durci 
contient des groupes hydroxy libres attache* 
aux atomes de siliciuum et cette seconde cou- 
che est 1i£e chimiquement a cette premiere 55 
couche par reaction avec ces groupes hy- 
droxy. 



4. Precede suivant Tune quelconque des revendi- 
cations 1 a 3, dans lequel cette couche de 
fluorosilane est chauffee en contact avec la 
couche de siloxane. 

5. ProcSde* suivant I'une quelconque des revendi- 
cations 1 a 4, dans lequel I'Stape (i) comprend 
le revetement de cette surface avec au moins 
un silane ayant des groupes hydrolysables et 
un groupe organique non-hydrolysable fixSs a 
un atome de siiicium, et le traitement du rev§- 
tement resultant pour deVelopper une couche 
de siloxane durci qui adhere a la surface. 

6. ProcSde* suivant la revendication 5, dans lequel 
ce silane au moins present est au moins par- 
tiellement hydrolyse* avant son application sur 
la surface. 

7. ProcSde* suivant les revendications 5 ou 6, 
dans lequel le silane satisfait a la formule : 

YSi(OR) 3 

dans laquelle chaque R est un groupe alkyle et 
Y est un radical organique monovalent non 
hydrolysable. 

8. Tete d'enregistrement a jet d'encre du type 
dans lequel des gouttelettes d'encre sont pro- 
jet£es a partir d'un orifice de jet de la tete en 
direction d'un mateViau d'enregistrement et 
dans laquelle la surface de la tete a au moins 
une zone qui presents une bonne mouillabilite* 
pour le solvant et au moins une zone qui 
presente une mediocre mouillabilite pour le 
solvant, cette derniere zone comprenant une 
couche de fluorosilane liee a la surface au 
moyen d'une couche intermediate comprenant 
un siloxane durci. 

9. T§te d'enregistrement a jet d'encre du type 
dans lequel des gouttelettes d'encre sont pro- 
jet§es a partir d'un orifice de jet de la tete en 
direction d'un mateViau d'enregistrement, la 
surface d'au moins la zone de la tete entourant 
I'orifice du jet comprenant une matiere plasti- 
que ou un mateViau inorganique non vitreux et 
cette surface 6tant revetue d'une couche de 
fluorosilane qui rdduit la mouillabilite de la sur- 
face, dans laquelle une premiere couche com- 
prenant un siloxane durci qui adhere a cette 
surface est interposed entre cette surface et 
cette couche de fluorosilane et cette couche 
de fluorosilane derive d'au moins un fluorosila- 
ne ayant au moins un groupe hydrolysable 
attache a un atome de siiicium. 
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10. Tete d'enregistrement a jet d'encre suivant la 
revendication 9, dans laquelle cette couche de 
fluorosilane est liee chimiquement a cette cou- 
che de siloxane durci par reaction avec des 
groupes hydroxy libres attaches aux atomes 
de silicium dans cette couche de siloxane dur- 
ci. 

11. Tete d'enregistrement a jet d'encre suivant les 
revendications 9 ou 10, dans laquelle ce si- 
loxane durci provient d'au moins un silane qui 
satisfait a la formule : 

YSi(OR) 3 

dans laquelle chaque R est un groupe alkyle et 
Y est un radical organique monovalent non- 
hydrolysable. 

12. Proc6d6 suivant la revendication 7 ou tete 
d'enregistrement a jet d'encre suivant la reven- 
dication 11, dans lequel ce silane au moins 
present comprend un melange comprenant un 
silane contenant un groupe aminoalkyle primai- 
re, secondaire ou tertiaire. 

13. Proce*de ou tete d'enregistrement a jet d'encre 
suivant la revendication 12, dans lequel ce 
melange comprend au moins un silane choisi 
parmi des alkyl trialcoxysi lanes et des alcenyl 
trialcoxy silanes et au moins un silane choisi 
parmi des aminoalkyl trialcoxysilanes primai- 
res, secondaires ou tertiaires. 

14. Proc^de* ou tete d'enregistrement a jet d'encre 
suivant la revendication 13, dans lequel ce 
melange comprend du methyl triethoxysilane 
et du 7-aminopropylene triethoxysilane. 

15. ProcSde* ou tete d'enregistrement a jet d'encre 
suivant I'une quelconque des revendications 1 
a 14, dans lequel le fluorosilane hydrolysable a 
la formule : 

R 2 m SiR 3 n R% 

dans laquelle m est 1 ou 2, n est au moins 1 , 
p est 0, 1 ou 2, la somme de m + n + p est 4, 
chaque R 2 est un groupe organique contenant 
du fluor, chaque R 3 est un groupe hydrolysa- 
ble et chaque R* est un atome ou groupe non 
hydrolysable autre que R 2 . 

16. ProcSde* ou tete d'enregistrement a jet d'encre 
suivant la revendication 15, dans lequel m est 
1 , n est 3 et p est 0. 



17. ProcSde ou tete d'enregistrement a jet d'encre 
suivant les revendications 15 ou 16, dans le- 
quel chaque R 3 est un groupe alcoxy. 

5 18. Proc^de* ou tete d'enregistrement a jet d'encre 
suivant les revendications 15, 16 ou 17, dans 
lequel le fluorosilane est choisi parmi le 1H, 
1H, 2H, 2H-perfluorooctyl triethoxysilane et le 
1H, 1H, 2H, 2H-perfluorodod6cyl triethoxysila- 

10 ne. 

19. Proc^de* ou tete d'enregistrement a jet d'encre 
suivant Tune quelconque des revendications 1 
a 18, dans lequel cette surface comprend une 
75 matiere plastique choisie parmi un polyimide, 

un polycarbonate, un polyester et une polyg- 
ther-ether-c£tone. 
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